The first example of the premature termination of a polypeptide chain in man appears to be Hb McKees Rocks, beta145 Tyr leads to Term, discovered in polycythemic members of a Caucasian family. Point mutation has apparently occurred at the codon for Tyr beta145 from UAU to a "nonsense" codon, UAA or UAG, resulting in a shortened polypeptide chain with Lys 144 as its carboxyl-terminal amino acid. Evidence for this structural conclusion is the absence of tryptic peptide betaT-15 from "fingerprints" of the abnormal beta-chain, the finding of C-terminal Lys, and the similarity between the functional properties of this variant hemoglobin and those of des Tyr (145)-His(146)beta hemoglobin resulting from carboxypeptidase-A digestion of normal human hemoglobin. Hb McKees Rocks has markedly abnormal properties: its oxygen affinity is the highest of the human variants described to date; its Bohr effect is reduced; it is devoid of subunit cooperativity; and it is unaffected by 2,3-diphosphoglyceric acid. These properties are probably the consequences of decreased stability of the T quaternary conformation and are partially restored in the presence of the strong allosteric effector inositol hexaphosphate.
INTRODUCTION
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Received for publication 6 August 1975 and in revised form 14 November 1975. acid substitutions, deletions, duplications, unequal crossing over, frame shifts, and in several instances, mutation of the normal terminator codon leading to an extended polypeptide chain. To date, however, no examples in man of premature termination of a polypeptide chain have been described that correspond to the "nonsense" mutations which have been observed in bacteria. In such instances, a codon that specifies an amino acid becomes one that signals termination of the polypeptide chain. The present work describes the first example in man in which such an event has probably occurred.
METHODS
Hematologic studies. Blood was collected from carriers in EDTA or heparin. Hematologic values were obtained according to standard clinical procedures. Electrophoresis of hemolysates employed Mylar-backed cellulose acetate sheets and a pH 8.6 Tris-borate buffer (Helena Laboratories, Beaumont, Tex.) and agar gel, using pH 6 citrate buffer (2) . Blood methemoglobin and carbon monoxide (CO ) '-hemoglobin were estimated spectrophotometrically (3). 2,3-Diphosphoglyceric acid (DPG) measurements were made by the method of Nygaard and Rbrth (4) .
Hemoglobin purification. Cells were washed three times in NaCl (0.9 g/100 ml), mixed with an equal volume of deionized, distilled water, and lysed by repeated freezethaw. After removal of stroma by centrifugation, the hemolysate was diluted with an equal volume of Tris-maleate (5) buffer, gassed with CO, and loaded onto a column of carboxymethyl-Sephadex C-50 (Pharmacia Fine Chemicals, Inc., Piscataway, N. J.). Buffers were 0.05 M Tris, the 'Abbreviations used in this paper: CPA, carboxypeptidase-A; HbCPA, hemoglobin digested with CPA; DPG, 2,3-diphosphoglyceric acid; CO, carbon monoxide; P50, oxygen pressure at half-saturation of hemoglobin; IHP, inositol hexaphosphate; bis-Tris, bis-(2-hydroxyethyl) iminotris-(hydroxymethyl) methane. peaks and an estimation of purity could be achieved by agar-citrate electrophoresis. Structural studies. Globin was prepared from concentrated hemoglobin solutions by acid-acetone precipitation (6) , and component polypeptide chains were isolated by the method of Clegg et al. (7) . After S-aminoethylation (8) and gel filtration (G25 fine, 0.09% formic acid), the purified globin chains were lyophilized.
Tryptic digests of globin or aminoethyl-globin samples were prepared (9) , and 50-100-,ug samples were applied to 0. Approximately 5-mg samples of the purified 8-chain were analyzed for their C-terminal amino acid by hydrazinolysis (12) . Purified 8-chains were digested with carboxypeptidase-A (CPA) (13) , and the liberated amino acids were quantitated using the Beckman model 121 amino acid analyzer.
Blood oxygen equilibria. Blood was collected in EDTA anticoagulant and kept at 4°C until use approximately 1 h later. The method was a modification of that of RossiBernardi et al. (14) . 2 ml of blood was placed in a tonometer (IL-237, Instrumentation Laboratories, Lexington, Mass.) and equilibrated with 5% C02 in nitrogen or 30 min at 37°C. Deoxygenated blood (0.5 ml) was placed into a cuvette (Advanced Products, Milan, Italy) which was fitted with 02 and C02 electrodes and was maintained at 37°C. 2,ul catalase (250 IU, Calbiochem, San Diego, Calif.) was added, and stirring was begun with a magnetic mixer. When Po2 and Pco2 readings were stable, H202 (0.26 M in 0.154 M NaCl, 0.0001 M EDTA) was delivered into the mixture by a constant-speed pump (Razell Scientific Instruments, Inc., Stamford, Conn.). The pump rate was chosen so that full saturation of the hemoglobin was achieved in about 10 min. During the run, Pco2 was held constant by the addition of 0.4 M NaOH from a micrometer syringe. Approximately 10-15 ,ul was required for a typical run. Full saturation was taken as the point at which the rise in Po2 was linear with time. The resulting data, a plot of Po2 vs. time, was manually converted to 02 content vs. Po2 using experimentally determined correction values for the difference between Po2 readings in air and blood, hemoglobin, carboxyhemoglobin, and methemoglobin concentrations. Control experiments indicated that during a run there were no changes in these values or in 2,3-DPG concentration.
Hemoglobin oxygen. equilibrium. Concentrated, stripped Hbs were exchanged into 0.05 M bis(2-hydroxy-ethyl)iminotris(hydroxymethyl)methane, (bis-Tris), 0.1 M NaCl, (the pH of which had been adjusted to 7.2 with HCl) in a Sephadex G-25 (fine) column at 4°C, which had been equilibrated with CO. The CO was removed by flash photolysis as previously described (15), and the oxyhemoglobin was mixed with a ferredoxin (16) system and kept at 4°C. Under these conditions, no methemoglobin could be detected for 3 days after photolysis. The pentacyclohexylammonium salt of 2,3-DPG (Calbiochem) was converted to the free acid by the method of Benesch et al. (17) , and titrated to pH 7 with 0.1 M NaOH. Inositol hexaphosphate (IHP) (Sigma Chemical Co., St. Louis, Mo.) was dissolved directly in water and adjusted to pH 7 with 0.1 M HCl. Continuous hemoglobin oxygen equilibrium curves were obtained by the automatic method of Imai et al. (18) , using a Cary 118C spectrophotometer (Cary Instruments, Monrovia, Calif.). The oxygen electrode amplifier, thermister, and variable light path cell assembly were obtained from the Johnson Foundation, University of Pennsylvania, Philadelphia. The Beckman 39065 Polarographic electrode was fitted with Teflon membrane 5937 (Yellow Springs Instrument Co., Yellow Springs, Ohio). Spectrophotometric studies were done in this cell at controlled temperature and oxygen tension. The volume of the hemoglobin solution was 5.5 ml, and when DPG or IHP was present not more than 50 ,l was added so that dilution was not significant. Visible spectra of the reaction mixtures were scanned before and after deoxygenation, and no methemoglobin could be detected (19) .
For the estimation of the fractional content of Hb McKees Rocks in a hemolysate, equilibrium curves were obtained for the hemolysate and the purified hemoglobins under identical conditions. From the data for the two purified hemoglobins, a curve was fit to the hemolysate data by a least-squares iterative procedure using the MLAB facility at the National Institutes of Health (20) . The hematologic values obtained from several family members (Table I) showed a difference between the Hbs and hematocrits of adult heterozygotes and normals. No significant differences were noted between males and females. DPG levels of all family members tested were normal. No history of heart disease, sudden death, stroke, exercise intolerance, or any difficulties during pregnancy could be discovered, and all of the affected members were asymptomatic except for mild ruddiness of complexion. Structure of Hb McKees Rocks. Hb McKees Rocks, named for the place of residence of the proband, could be isolated with greatest purity using carboxymethylSephadex chromatography (Fig. 2) . This method allowed the purification of large quantities of the variant hemoglobin in approximately 36 h, and when the CO derivative was employed methemoglobin formation was 
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Winslow, Swenberg, Gross, Chervenick, Buchman, and Anderson Digestion of the AA chain with CPA resulted in the release of equivalent amounts of His and Tyr, while no amino acids were released after up to 2 h digestion of the pMR chain (Table II) Fig. 5 . The hemolysate curve is clearly biphasic, and the computer fit of the data for pure Hb A and MR to the hemolysate data suggested that Hb MR accounted for 46% of the total. The biphasic feature of the hemolysate curve indicates that there was no interaction between the two hemoglobins (21) and suggests that mixed deoxytetramers of the a2sAP`MR type do not occur to an appreciable extent under the conditions studied. A similar argument can be offered for whole blood from the data of Fig. 4 , where two separate components are also apparent.
The influence of H+, DPG, and IHP on the oxygenation of Hb A and Hb McKees Rocks. The addition of an eightfold excess of DPG to a solution of Hb McKees Rocks had no effect on its oxygenation curve (Fig. 6) . However, the same concentration of DPG decreased the oxygen affinity of Hb A considerably (Table III) . IHP decreased oxygen affinity of both Hbs A and Hb McKees Rocks and increased Hill's parameter, "n", for the latter. The IHP effect was concentration-dependent ( Fig. 7) , but the maximum Pso and n values were 2.29 and 1.81, respectively, still considerably less than the values for Hb A. The Bohr effect of Hb McKees Rocks was much less than that of Hb A but could be increased by the addition of IHP (Fig. 8) . These results are essentially the same as those obtained with the chemically modified Hb CPA (22) , a further confirmation of the assignment of structure. The decrease Absorption spectra. The absorption spectra for isolated Hb A and Hb McKees Rocks were identical for oxygenated samples but different for deoxygenated samples (Figs. 9, 10 ). The decrease in the maximal absorption in the Soret band (Fig. 9 ) observed for Hb McKees Rocks was identical to that observed with Hb CPA (3, 24) . This difference was unaffected by the addition of DPG or IHP. A further difference was noted in the deoxy spectrum at 590 nm: in Hb A, but not Hb McKees Rocks, a small shoulder was noted (Fig. 10a) . This difference could be demonstrated easily by examination of the derivative of the absorption spectrum (Fig. 10b ) and was almost abolished by the addition of 100 eM IHP (Fig. 10c) (22, (25) (26) (27) .
We cannot be certain of the exact genetic alteration which gave rise to Hb McKees Rocks, but the mechanisms proposed for other abnormal Hb (1) Fig. 11 , because point mutations appear to be common; they account for the bulk of the human variants described to date (1 they have been dealt with extensively in the literature on Hb CPA (22, 25-27, 29, 30) . Table IV summarizes functional data for all of the human mutants known to affect the C-terminal portion of the #-chain and whose properties have been studied. The properties of these mutants confirm the importance of this region. The oxygen affinity of Hb McKees Rocks is nearly identical to that of Hb CPA but is higher than that of isolated chains, an observation that is difficult to explain on structural grounds. Only Hb Osler has oxygen affinity that is elevated to approximately the same degree (36) .
The "defect" in Hb McKees Rocks function can be viewed as a shift in the T-R equilibrium toward the R structure because of instability of the T structure: DPG binding, cooperativity, and the alkaline Bohr effect are all dependent upon an intact, stable T structure. IHP binds preferentially to the deoxy structure but with a much greater affinity than does DPG (38) and the greatest shift of the McKees Rocks equilibrium curve in the presence of IHP is at the bottom end (Fig. 6 ). Spectral changes are also associated with the addition of IHP to deoxyHb McKees Rocks (Fig.  10) . These The transport of oxygen from lung to tissue sites is a complex process, depending on pulmonary function, blood flow, blood oxygen affinity, and tissue Po2. It is known that in all mammals, blood oxygen affinity and resting tissue Po2 are maintained within rather close limits (39) . Thus, the optimal oxygen requirement for metabolizing tissues is probably rather stringently controlled, and it might be expected that alteration in blood oxygen affinity to the extent seen with Hb McKees Rocks might have serious if not lethal consequences. To the contrary, we have observed that there are essentially no clinical consequences apart from compensatory erythrocytosis in any of the carriers of Hb McKees Rocks.
All mammals have evolved fetal hemoglobins that ensure a favorable oxygen gradient at the placenta for the maintenance of adequate fetal oxygenation. The high oxygen affinity f-chain variants, (Table IV) are the only known instances in which during pregnancy, maternal blood oxygen affinity is higher than that of the fetus. Yet, there appears to be no fetal wastage in these families, and in the present study, pregnancy and birth were observed to be without complication except for erythrocytosis in the mother. Thus, further physiological studies of these fascinating families could provide new insight into normal and pathological mechanisms of the regulation of oxygen delivery.
